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Description 

The present invention relates to a group of compounds which are adenosine analogues and which act selectively 
at adenosine receptors. 

5 The profound hypotensive, sedative, antispasmodic, and vasodilatory actions of adenosine were first recognized 
over 50 years ago. Subsequently, the number of biological roles proposed for adenosine have increased considerably. 
The adenosine receptors appear linked in many cells to adenylate cyclase. A variety of adenosine analogues have been 
introduced in recent years for the study of these receptor functions. Alkyixanthines, such as caffeine and theophylline, 
are the best known antagonists of adenosine receptors. 

10 Adenosine perhaps represents a general regulatory substance, since no particular cell type or tissue appears 
uniquely responsible for its formation. In this regard, adenosine is unlike various endocrine hormones. Nor is there any 
evidence for storage and release of adenosine from nerve or other cells. Thus, adenosine is unlike various neurotrans- 
mitter substances. 

Adenosine might be compared as a physiological regulator to the prostaglandins. In both cases the enzymes 

15 involved in the metabolic formation are ubiquitous and appear to be responsive to alterations in the physiological state 
of the cell. Receptors for adenosine, like those for prostaglandins, are proving to be very widespread. Finally, both pros- 
taglandins and adenosine appear to be involved with the regulation of functions involving calcium ions. Prostaglandins, 
of course, derive from membrane precursors, while adenosine derives from cytosoiic precursors. 

Although adenosine can affect a variety of physiological functions, particular attention has been directed over the 

20 years toward actions which might lead to clinical applications. Preeminent has been the cardiovascular effects of ade- 
nosine which lead to vasodilation and hypotension but which also lead to cardiac depression. The antilipolytic, anti- 
thrombotic and antispasmodic actions of adenosine have also received some attention. Adenosine stimulates 
steroidogenesis in adrenal cells, again probably via activation of adenylate cyclase. Adenosine has inhibitory effects on 
neurotransmission and on spontaneous activity of central neurons. Finally, the bronchoconstrictor action of adenosine 

25 and its antagonism by xanthines represents an important area of research. 

It has now been recognized that there are not one but at least two classes of extracellular receptors involved in the 
action of adenosine. One of these has a high affinity for adenosine and at least in some cells couples to adenylate 
cyclase in an inhibitory manner. These have been termed by some as the A-1 receptors. The other class of receptors 
has a lower affinity for adenosine and in many cell types couples to adenylate cyclase in a stimulatory manner. These 

30 have been termed the A-2 receptors. 

Characterization of the adenosine receptors has now been possible with a variety of structural analogues. Adeno- 
sine analogues resistant to metabolism or uptake mechanisms have become available. These are particularly valuable, 
since their apparent potencies will be less affected by metabolic removal from the effector system. The adenosine ana- 
logues exhibit differing rank orders of potencies at A-1 and A-2 adenosine receptors, providing a simple method of cat- 

35 egorizing a physiological response with respect to the nature of the adenosine receptor. The blockade of adenosine 
receptors (antagonism) provides another method of categorizing a response with respect to the involvement of adeno- 
sine receptors. It should be noted that the development of antagonists specific to A-1 or A-2 adenosine receptors would 
represent a major breakthrough in this research field and in the preparation of adenosine receptor selective pharmaco- 
logical agents having specif ic physiological effects in animals. 

40 In Journal of Am. Chem. Soc. 7fi (1956) 3693-3696, EP-A-0 212 535, EP-A-0 181 129, GB-A-953 897, EP-A-0 287 
907, US-A-4 514 405. DE-A-2 139 107, DE-A-1 795 828, GB-A-2 077 726, US-A-3 862 189, GB-A-1 123 245, Journal 
of Med. Chem. 28 (1985) 1636-1643, Biochemical Pharmacology 35 (1986) 2467-2481, General Pharmacology 18 
(1987) 405-416. EP-A-0 300 144, EP-A-0 300 145, Chem. Abs. §4 (1981) Abs. no. 98077u, Chem. Abs. 1j05 (1986) 
Abs. no. 203346b, Journal of Med. Chem. 18(1975) 780-783 and Arzneimittel Forschung20 (1970) 1749-1751 various 

45 adenosine analogues are disclosed. 

The present invention relates to compounds having the following general formulae: 



50 



55 
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wherein R 1 is hydrogen, phenyl or p-D-ribofuranosyl; and each X is independently hydrogen or hydroxy, 

Stereoisomerism is possible with the present compounds and the chemical structure as presented above is con- 
sidered as encompassing all of the possible stereoisomers and racemic mixtures of such stereoisomers. More specifi- 
cally, when X as shown in Formula II is other than hydrogen, chirality is exhibited about the respective carbon atom and 
optical isomerism is possible. 

As examples of compounds of the present invention are the following: 

1. (R)-N-(1-me%l-2-phenylethylH 

2. (S)-N-(1 -methyl-2-phenylethyl)-1 -phenyl-6-propoxy-1 H-pyrazolo[3,4-d]pyrimidin-4-amine 

3. (S)-p-[(1-phenyl-6-propoxy-1tl-pyra2olo[3,4-d]pyrimidin-4-yl)amino]ben2enepropanol 

4. (R)-p-[(1 -phenyi-6-propoxy-1 H-pyrazolo[3,4-d]pyrimidin-4-yl)amino]benzenepropanol 

5. (R)-p-[(6-propoxy-9-p-D-ribofuranosyl-9H-purin-6-yl)amino]benzenepropanol 

6. (S)-p-[(6-propoxy-9-p-D-ribduranosyl-9H-purin-6-y0amino]benzenepropanol 

In general, the compounds of the present invention are formed by reacting, under appropriate conditions, a com- 
pound of the general structure: 




wherein R 1 is hydrogen or phenyl with propanol by contacting the compound according to FORMULA IV with propanol 
in ethanol in the presence of triethylamine for a period of from 1 to 20 hours at a temperature of from 25°C to 1 40°C; to 
obtain the intermediate product according to FORMULA V therefrom: 
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FORMULA V 



and by then reacting a compound according to FORMULA V with a compound according to FORMULA III for a period 
of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the desired product according to FORMULA I 
therefrom 




FORMULA III 



Compounds of Formula II may be prepared by reacting a compound according to FORMULA IV 



CI 




FORMULA IV 



with propanol contacting the compound according to FORMULA IV with propanol in ethanol in the presence of triethyl- 
amine for a period of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the intermediate product 
according to FORMULA V therefrom: 
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CI 




and by then reacting a compound according to FORMULA V with a compound according to FORMULA III' for a period 
of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the desired product according to FORMULA II 
therefrom. 




wherein each X is independently either hydrogen or hydroxy. 
Therapeutic Utility Of Selective Adenosine Receptor Agents 

The table below shows in more detail the potential therapeutic utility of selective adenosine receptor agents in 
accordance with the present invention: 
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Area 


Effort 


Rprprrtnr Correlate 


Cardiovascular 


cardiotonic 


A-1 antagonism 


Cardiovascular 


control tachycardia 


A-1 agonism 


Cardiovascular 


increase coronary blood f tow 


A-2 agonism 


Cardiovascular 


vasodilation 


A-2 (atypical) agonism 


Pulmonary 


bronchodilation 


A-1 antagonism 


Pulmonary 


mediation of autocoid release from mast 
cells, basophils 


novel adenosine receptor interaction on 
cell surface 


Pulmonary 


stimulate respiration; treat paradoxical ven- 
uiaiory response ^inranisj 


Ado antagonism 


Renal 


inniDii renin release 


A.I annnicm 
r\ i dyuiiioiii 


uentrai Nervous oystem 


aio in opiaxe wimarawai 


AHr\ annnicm 
MUU oyuiilbfii 


Central Nervous System 


analgesic 


A-1 agonism 


Central Nervous System 


anticonvulsant 


A-1 agonism 


Central Nervous System 


antidepressant 


A-1 agonism 


Central Nervous System 


antipyschotic 


Ado agonism 


Central Nervous System 


anxiolytic 


agonism 


Central Nervous System 


inhibition of self-mutilation behavior (Lesch- 
Nyhan syndrome) 


Ado agonism 


Central Nervous System 


sedative 


A-2 agonism 



In the cardiovascular, pulmonary and renal system targets, designed compounds which are identified by receptor 
binding studies can be evaluated in functional in vivo tests which are directly indicative of the human physiological 
response. A good description of the pharmacology and functional significance of purine receptors is presented by M. 

35 Williams in Ann. Rev. Pharmacol. Toxicol.. 2L 31 (1 987), which is incorporated herein by reference. In a section entitled 
"Therapeutic Targeting of Adenosine Receptor Modulators" it is stated that "adenosine agonists may be effective as 
antihypertensive agents, in the treatment of opiate withdrawal, as modulators of immune competence and renin 
release, as antipsychotics and as hypnotics. Conversely, antagonists may be useful as central stimulants, inotropics, 
cardiotonics, antistress agents, antiasthmatics, and in the treatment of respiratory disorders." The smorgasbord of 

40 activities displayed by adenosine receptor agents underscores their great potential utility for therapy and the need for 
central agents. 

Adenosine exerts its various biological effects via action on cell-surface receptors. These adenosine receptors are 
of two types: A-1 and A-2. The A-1 receptors are operationally defined as those receptors at which several N6-substi- 
tuted adenosine analogs such as R-phenylisopropyladenosine (R-PIA) and cycloadenosine (CHA) are more potent 

45 than 2-chloroadenosine and N-5'-ethylcarboxamidoadenosine (NECA). At A-2 receptors the order of potency is instead 
NECA>2-chloroadenosine>R-PlA>CHA. 

As illustrated in the table above, adenosine receptors govern a variety of physiological functions. The two major 
classes of adenosine receptors have already been defined. These are the A-1 adenosine receptor, which is inhibitory 
of adenylate cyclase, and the A-2 adenosine receptor, which is stimulatory to adenylate cyclase. The A-1 receptor has 

so a higher affinity for adenosine and adenosine analogs than the A-2 receptor. The physiological effects of adenosine and 
adenosine analogs are complicated by the fact that non-selective adenosine receptor agents first bind the rather ubiq- 
uitous low-affinity A-2 receptors, then as the dose is increased, the high-affinity A-2 receptors are bound, and finally, at 
much higher doses, the very high-affinity A-1 adenosine receptors are bound. (See J. W. Daly, et al., Subclasses of 
Adenosine Receptors in the Central Nervous System: Interaction with Caffeine and Related Methylxanthines, Cellular 

55 and Molecular Neurobioloov. 3,(1), 69-80 (1983), incorporated herein by reference.) 

In general, the physiological effects of adenosine are mediated by either the stimulation or the inhibition of ade- 
nylate cyclase. Activation of adenylate cyclase increases the intracellular concentration of cyclic AMP, which, in general, 
is recognized as an intracellular second messenger. The effects of adenosine analogs can therefore be measured by 
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either the ability to increase or the ability to antagonize the increase in the cyclic AMP in cultured cell lines. Two impor- 
tant cell lines in this regard are VA 13 (WI-38 VA 13 2RA), SV-40 transformed Wl 38 human fetal lung fibroblasts, which 
are known to carry the A-2 subtype of adenosine receptor, and fat cells, which are known to carry the A-1 subtype of 
adenosine receptor. (See R.F Bruns, Adenosine Antagonism by Purines, Pteridines and Benzopteridines in Human 
5 Fibroblasts, Chemical Pharmacology. 30, 325-33, (1981), incorporated herein by reference.) 

It is well known from in vitro studies that the carboxylic acid congener of 8-phenyl-1 ,3-dipropyl-xanthine (XCC) is 
adenosine receptor nonselective, with a Ki at the A-1 receptors in brain membranes of 58± 3nM and a Ki at the A-2 
receptors of the brain slice assay of 34± 13nM. The amino congener of 8-phenyl-1,3<lipropyl-xanthine (XAC), on the 
other hand, has a 40-fold higher affinity for A-1 adenosine receptors, with a Ki of 1 .2+ 0.5nM, as compared with a Ki at 
10 the A-2 receptors of the brain slice assay of 49± 1 7nM. In addition, XAC is much more potent in antagonizing the effects 
of adenosine analogs on heart rate than on blood pressure. Since it is generally known that the adenosine analog- 
induced effects on the heart seem to be mediated via A-1 receptors and those on blood pressure via A-2 receptors, the 
selectivity of XAC under in vivo conditions suggests that adenosine receptor activity in vitro correlates with adenosine 
receptor activity in vivo and that specific physiological effects can be distinguished as a result of this selectivity. (See 
75 B.B. Fredholm, K. A. Jacobsen, B. Jonzon, K.L. Kirk, Y.O. U, and J.W. Daly, Evidence That a Novel 8-Phenyl-Substituted 
Xanthine Derivative is a Cardioselective Adenosine Receptor Antagonist In Vivo, Journal of C ardiovascular Pharmacol- 
ogy, a 396-400, (1987), incorporated herein by reference and also K.A. Jacobsen, K.L Kirk, J.W. Daly, B. Jonzon, Y.O. 
Li, and B.B. Fredholm, Novel 8-Phenyl-Substituted Xanthine Derivative Is Selective Antagonist At Adenosine Receptors 
In Vivo, Acta Phvsiol. Scand.. 341-42, (1985), incorporated herein by reference.) 
20 It is also known that adenosine produces a marked decrease in blood pressure. This blood pressure reduction is 
probably dependent upon an A-2 receptor-mediated decrease in peripheral resistance. Adenosine analogs are also 
able to decrease heart rate. This effect is probably mediated via adenosine receptors of the A-1 subtype. 

Thus, it is readily apparent that the pharmacological administration of the adenosine receptor selective adenosine 
analogs disclosed herein will result in selective binding to either the A-2 or the A-1 receptor, which will, in turn, selec- 
ts tively result in either a decrease in blood pressure or a decrease in heart rate, for example, thereby decoupling these 
physiological effects in vivo. The selection of such adenosine receptor selective agents can be determined by the meth- 
ods described in further detail below. 

Test For Affinity For Brain Adenosine A-2 Receptors 

30 

The test described below was used to determine the potency of test compounds to compete with the ligand [3H]5'- 
N-ethyl-carboxamidoadenosine (NECA) for the adenosine A-2 receptors prepared from animal brain membranes. (See 
also R. R. Bruns, G.H. Lu, and T. A. Pugsley, Characterization of the A-2 Adenosine Receptor Labeled by [3HJNECA in 
Rat Striatal Membranes, Mol. Pharmacol.. 22, 331-346, (1986), incorporated herein by reference.) Young male rats (C- 

35 D strain), obtained from Charles River, are killed by decapitation and the brain was removed. Membranes for ligand 
binding are isolated from rat brain striatum. The tissue is homogenized in 20 vol ice-cold 50 mM Tris-HCI buffer (pH 7.7) 
using a polytron (setting 6 for 20 seconds). The homogenate is centrifuged at 50,000 x g for 10 minutes at 4°C. The 
pellet is again homogenized in a polytron in 20 vol of buffer, and centrifuged as before. The pellet is finally resuspended 
in 40 vol of 50mM Tris-HCI (pH 7.7) per gram of original wet weight of tissue. 

40 Incubation tubes, in triplicate, receive 100 ul of [3 H] NECA (94 nM in the assay). 100 nl of 1 \M cyclohexyladenos- 
ine (CHA), 100 \i\ of 100 mM MgCl 2 , 100 uJ of 1 lU/ml adenosine deaminase. 100 ^ of test compounds at various con- 
centrations over the range of 10' 10 M to 10* 4 M diluted with assay buffer (50 mM Tris-HCI, pH 7.7) and 0.2 p\ of 
membrane suspension (5 mg wet weight), in a final volume of 1 ml of 50 mM Tris-HCI, pH 7.7. Incubations are carried 
out at 25°C for 60 minutes. Each tube is f iKered through GF/B glass fiber filters using a vacuum. The filters are rinsed 

45 two times with 5 ml of the ice-cold buffer. The membranes on the filters are transferred to scintillation vials to which 8 
ml of Omnifluor with 5% Protosol is added. The filters are counted by liquid scintillation spectrometry. 

Specific binding of [3HJNECA is measured as the excess over blanks run in the presence of 100 uM 2-chloroade- 
nosine. Total membrane-bound radioactivity is about 2.5% of that added to the test tubes. Since this condition limits 
total binding to less than 10% of the radioactivity, the concentration of free ligand does not change appreciably during 

so the binding assay. Specific binding to membranes is about 50% of the total bound. Protein content of the membrane 
suspension is determined by the method of O.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J. Randall, Protein Measure- 
ments With Folin Phenol Reagent, J. Biol. Chem.. 193. 265-275 (1951), (incorporated herein by reference). 

Displacement of [3H]NECA binding of 15% or more by a test compound is indicative of affinity for the adenosine A- 
2 site. The molar concentration of a compound which causes 50% inhibition of the binding of ligand is the IC50. A value 

55 in the range of 100-1000 nM would indicate a highly potent compound. 
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Test For Affinity For Brain Adenosine A-1 Receptor Binding Sites 

The test described below is used to determine the potency of test compounds to compete with the ligand [3H]cycload- 
enosine for the Adenosine A-1 receptor prepared from rat brain membranes. Male Sprague-Dawley rats are sacrificed 
5 by decapitation and the membranes are isolated from whole animal brains. (See R. Goodman, M. Cooper, M. Gavish, 
and S. Synder, Guanine Nucleotide and Cation Regulation of the Binding of[3H] Diethylphenylxanthine to Adenosine 
A-1 Receptors in Brain Membrane, Molecular Pharmacology. 21, 329-335, (1982), incorporated herein by reference.) 

Membranes are homogenized (using polytron setting 7 for 10 seconds) in 25 volumes of ice-cold 50 mM Tris-HCI 
buffer, pH 7.7. The homogenate is centrifuged at 19,000 rpm for 10 minutes at 4°C. The pellet is washed by resuspend- 
w ing in 25 volumes of buffer with 2 IU of adenosine deaminase per ml and incubated 30 minutes at 37°C. The homoge- 
nate is centrifuged again. The final pellet is resuspended in 25 volumes of ice-cold buffer. 

The incubation tubes, in triplicate, receive 100 nl of [3H]cyclohexyiadenosine, 0.8 nM in the assay, 200 id of test 
compounds at various concentrations over the range of 10' 10 M to 10" 6 M diluted with 50 nM Tris-HCI buffer (pH 7.7), 
0.2 ml of membrane suspension (8 mg wet weight) and in a final volume of 2 ml with Tris buffer. Incubations are carried 
is out at 25° C for 2 hours and each one is terminated within 1 0 seconds by filtration through a GF/B glass f foer filter using 
a vacuum. The membranes on the filters are transferred to scintillation vials. The filters are counted by liquid scintillation 
spectometry in 8 ml of Omniflour containing 5% Protosol. 

Specific binding of [3H]cycloadenosine is measured as the excess over blanks taken in the presence of 10" 5 M 2- 
chloroadenosine. Total membrane-bound radioactivity is about 5% of that added to the test tubes. Specific binding to 
20 membranes is about 90% of the total bound. Protein content of the membrane suspension is determined by the method 
of Lowry, et ai. Jd., 265. 

Displacement of [3H]cyclohexyladenosine binding of 1 5% or more by a test compound is indicative of affinity for the 
adenosine binding site. 

25 Adenosine Receptor Binding Affinity Values Obtained Using The Above Described Test Procedures 

The following is a table showing the adenosine receptor binding affinities for several compounds (refer to com- 
pound examples on page 4 for cross reference to compound names) within the scope of the present invention: 

. 30 



35 



40 



Compound 


A-1 Receptor Ki 


A-2 Receptor Ki 


A-2W/A-1 Ki 


1. 


2.01 xlO" 6 


3.63 xlO' 6 


1.80 


2. 


1.13 x10 5 


>6.99x10" 6 




3. 


1.74 x10 6 


2.90 x10" 6 


1.67 


4. 


3.21 x10" 7 


3.77 x10' 7 


1.17 


5. 


3.70 x10 6 


1.72 x10* 5 


4.65 


6. 


4.40 x10' 8 


1.90 x10" 6 


43.18 



The nucleotide guanosine triphosphate (GTP) has been shown to differentially affect the binding of agonists and 
antagonists to a variety of neurotransmitter receptors. In general, guanine nucleotides lower the affinity of agonists for 

45 receptors without a concomitant decrease in antagonist affinity. Accordingly, GTP has been shown to decrease the 
potency of agonists but not antagonists as inhibitors of the binding of the adenosine antagonist [3H]3-diethyl-8-phenyl- 
xanthine. In general, GTP greatly reduces the potency of purine agonists, but not antagonists as inhibitors of [3H]-phe- 
nylisopropyl adenosine binding and is, therefore, an effective agent for distinguishing between agonists and antago- 
nists. (See L.P. Davies, S.C. Chow, J.H. Skerritt, D.J. Brown and G.A.R. Johnston, Pyrazolo [3,4-d]Pyrimidines as 

so Adenosine Antagonists, Life Sciences. 24. 21 1 7-28, (1 984), incorporated herein by reference.) It is understood, in gen- 
eral, that adenosine analogs act as agonists if p-D-ribofuranosyl is present in the molecule at the R-j position and as an 
antagonist rf H-\ is hydrogen or phenyl. 

Pharmaceutical Preparations of the Adenosine Receptor Selection Adenosine Analogs 

55 

The exact amount of the compound or compounds to be employed, i.e., the amount of the subject compound or 
compounds sufficient to provide the desired effect, depends on various factors such as the compound employed; type 
of administration; the size, age and species of animal; the route, time and frequency of administration; and, the physi- 
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ological effect desired. In particular cases, the amount to be administered can be ascertained by conventional range 
finding techniques. 

The compounds are preferably administered in the form of a composition comprising the compound in admixture 
with a pharmaceutical^ acceptable carrier, i.e., a carrier which is chemically inert to the active compound and which 
5 has no detrimental side effects or toxicity under the conditions of use. Such compositions can contain from about 0.1 
ng or less to 500 mg of the active compound per ml of carrier to about 99% by weight of the active compound in com- 
bination with a pharmaceutically-acceptable carrier. 

The compositions can be in solid forms, such as tablets, capsules, granulations, feed mixes, feed supplements and 
concentrates, powders, granules or the like; as well as liquid forms such as sterile injectable suspensions, orally admin- 
w istered suspensions or solutions. The pharmaceutically acceptable carriers can include excipients such as surface 
active dispersing agents, suspending agents, tableting binders, lubricants, flavors and colorants. Suitable excipients are 
disclosed, for example, in texts such as Reminaton's Pharmaceutical Manufacturing. 1 3 Ed., Mack Publishing Co., Eas- 
ton, Pennsylvania (1965). 

The following examples are presented to illustrate the present invention. 

15 

EXAMPLE 1 

To a solution of 2.5 g of 2,6-dichloropurine dissolved in 50 ml ethanol was added 2.0 g (S)-(-)-2-amino-3-phenyl-1- 
propanol, and 1 .83 ml Et 3 N with stirring at room temperature for 2 hours. The mixture was then heated to reflux for 20 
20 hours. The solvent was removed under vacuum and the residue purified by flash chromatography (5-10% 
MeOH/CHCI 3 ) to yield 3.68 g of a yellow solid, S-p-[(2-chloro-1 H-purin-6-yl)amino]benzenepropanol (m.p. 1 17-123°C). 

This was followed by suspension of 1.42 g of the above product in 30 ml CHCI 3 and treatment with 1 .30 g triphe- 
nylmethylchloride and 0.65 ml Et 3 N. After 3 hours the reaction was diluted with 200 ml CHCI 3 , remixed with 200 ml sat- 
urated NaHC0 3 and 200 ml saturated NaCi, dried over MgS0 4 , filtered and concentrated to yield 3.3 g of a yellow solid. 
25 This was flash chromatographed (5% MeOH/CHCI 3 ) to yield 2. 1 6 g of a foam product, S-p-[(9-triphenylmethyl-2-chloro- 
1 H-purin-6-yl)amino]benzenepropanol . 

To a solution of 330 mg sodium dissolved in 100 ml n-propanol was added 2.15 g of S-p-[(9-triphenylmethyl-2- 
chloro~1H-purin-6-yl)amino]benzenepropanol and the reaction was heated to reflux for 6 hours. It was then cooled to 
room temperature, poured into 300 ml H 2 0 and extracted with CHCI 3 (3 times 200 ml). The combined organic extracts 
30 were washed with 300 ml saturated NaCI, dried over Na 2 S0 4l filtered and concentrated to yield 2. 1 6 g of a foam prod- 
uct, S-p-[(2-propoxy-9-triphenylmethyl-1H-purin-6-yl)amino]benzenepropanol. 

Subsequently, 2.14 g of S-p-[(2-propoxy-9-triphenyl methyl- 1 H-purin-6-yl)amino]benzenepropanol was dissolved in 
50 ml CH 2 CI 2 followed by addition of Q-toluenesurfonic acid (0.71 g). After stirring 24 hours the solvent was removed 
under vacuum and the residue was purified by flash chromatography (5-10% MeOH/CHCI 3 ) to yield 0.81 g of a white 
35 solid, (S)-p-[(2-propoxy-1H-purin-6-yl)amino]benzenepropanol (m.p. 229-231°C). 

EXAMPLE 2 

1 .94 g of D-amphetamine sulfate was made basic with 10% KOH. The aqueous solution was extracted with ether. 
40 The organic layer was dried over MgS0 4 , filtered and concentrated to yield a clear oil. This was diluted with 3 ml of eth- 
anol and added to a stirred solution of 466 g of 1-phenyl-4,6-dichloropyrazolo(3,4-cj]pyrimidine in 7 ml ethanol. After 48 
hours the solvent was removed under vacuum and the crude material was purified by radial chromatography (20%-40% 
ethyl alcohol/hexane, 2mm plate) to yield 640 mg of (S)-N-(1-methyl-2-phenylethyl)-1-phenyl-6-chloro-1H-pyrazolo[3,4- 
d]pyrimidin-4-amine (100%). 

45 Next, 324 mg sodium was reacted with 10 ml of n-propanol. To this, 640 mg of (S)-N-(1-methyl-2-phenylethyl)-1- 
phenyl-6-chloro-1tl-pyrazolo[3,4-cj]pyrimidin-4-amine in 5 ml of fl-propanol was added with stirring and the reaction was 
heated to 90°C for 2 hours. It was then cooled, diluted with 200 ml saturated NaCI and extracted with 200 ml CHCI 3 . 
The organic layer was dried over MgS0 4 , tittered and concentrated to yield an oil which was purified by radial chroma- 
tography (30-50% Et 2 0/hexane) to yield after recrystallization from 30% Et 2 0/hexane 382 mg of product (m.p. 134- 

50 136°C). Proton NMR indicated ether was still present. The compound was then oven dried under vacuum for 6 hours 
to yield 318 mg of (S)-N-(1-methyl-2-phenylethyl)-1-phenyl-6-propoxy-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (m.p. 134- 
136°C). 

EXAMPLE 3 

55 

1.94 g of L-amphetamine sulfate was dissolved in H 2 0, made basic and extracted with ether. The ether layer was 
concentrated under vacuum, the oil was taken up in 3 ml ethanol and added to a stirred suspension of 465 mg 1 -phenyl- 
4,6-dichloropyrazolo[3,4-ci]pyrimidine in 7 ml ethanol. After 24 hours the solvent was removed under vacuum and the 
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crude oil was purified by radial chromatography (40-60% Et 2 0/hexane, 2 mm plate) to yield 531 mg of (R)-N-(l-methyl- 

2-pheny1ethyl)-1 -phenyl-€-chloro-1 H-pyrazolo[3 t 4-d]pyrimidin-4-amine (83%). 

Next, 268 mg sodium was reacted with 1 0 ml of n-propanol. 531 mg of (R)-N-(1 -methyl-2-phenylethyl)-1 -phenyl-6- 

chloro-1H-pyrazolo[3,4-fflpyrimidin-4-amine in 5 ml n-propanol was added to the stirred solution under nitrogen. The 
5 reaction was heated (oil bath 90°C) for 2 hours. It was then cooled, diluted with 100 mi saturated NaCI and the aqueous 

solution was extracted with 200 ml CHCt 3 . The organic layer was then dried over MgS0 4 , filtered and concentrated to 

yield an oil which was purified by radial chromatography (30-50% Et 2 0/hexane, 2mm plate) to yield after recrystallisa- 

tion from 30% Et 2 0/hexane 381 .4 mg of a white solid (rap. 1 35-1 37°C). Proton NMR indicated ether was still present. 

Thus the compound was oven dried under vacuum (setting at 3) for 6 hours to yield 326 mg of final product, (R)-N-(1 - 
to methyl-2i3henylethylH-phenyl-6-pro (m.p. 135-137°C). 

EXAMPLE 4 

1 g of 1-phenyl-4,6-dichlorpyrazolo[3,4-iSpyrimidine was suspended in 25 ml ethanol. 1.71 g of 1 R,2S-norephe- 
75 drine was added with stirring. After 24 hours the solvent was removed under vacuum and the crude oil was purified by 
radial chromatography (40-50-60-70% Et 2 0/hexane, 4mm plate) to yield 1.17 g of a white solid, [S-(R*,S*)]-a-[1-[(1- 
phenyl-6-chloro-1H-pyrazolo[3,4-^pyrimidin-4-yl)amino]ethyl]benzenemethanol (m.p. 164-165°C, 82% yield). 

Next, 194 mg sodium was reacted with 10 ml of n-propanol. 400 mg of [S-(R*,S*)]-a-[1-t(1-phenyl-6-chloro-1H- 
pyrazolo[3,4-dJpyrimidin-4-yl)amino]ethyl]benzenemethanol in 5 ml of n-propanol was added to the stirred solution 
20 under nitrogen. The reaction was heated to 90°C for 2 hours. It was then diluted with 100 mi saturated NaCI, extracted 
with 200 ml CHCI 3 , filtered and concentrated under vacuum to yield an oil which was purified by radial chromatography 
(5-10-20% isopropyl alcohol/hexane, 4mm plate) to yield 423 mg of an oil. Recrystallization from 20% Et 2 0/hexane and 
vacuum oven drying at 70°C for 24 hours yield 122 mg of [S-(R*,S*)]-a-[1-[(1-phenyl-6-propQxy-1 H-pyrazolo[3,4-d]pyri- 
midin-4-yl)amino]ethyl]benzenemethanol (m.p. 136-138°C). 

25 

EXAMPLE 5 

First, 2.5 g of 1-phenyl-4,6-dichloropyrazolo[3,4-(apyrimidine was suspended in 60 ml ethanol, then 4.28 g (S)-(-)- 
2 amino-3-phenyl-1-propanol was added and the reaction was allowed to stir for 24 hours. The solvent was then 

30 removed under vacuum and the crude oil was purified by flash chromatography (1 0-1 5-20% isopropyl alcohol/hexane) 
to yield 3.5 g of product (S)-M{1-phenyl-6-chloro-1H-pyrazolo[3,4-flpyrimidin-4-yl)amino]benzenepropanol (97%). 

Next, 314 mg sodium was reacted with 15 ml of n-propanol. 650 mg of (S)-p-[(1-phenyl-6-chloro-1H-pyrazolo[3,4- 
d]pyrimidin-4-yl)amino]benzenepropanol dissolved in 10 ml of n-propanol was added to the reaction with stirring under 
nitrogen. The reaction was then heated to 90°C for two hours. After cooling it was poured into 100 ml saturated NaCI 

35 and extracted with 200 ml CHCI 3 . The organic layer was dried over MgS0 4 , filtered and concentrated to yield an oil 
which was purified by radial chromatography (10-20% isopropyl alcohol/hexane) to yield after recrystallization from 30% 
isopropyl alcohol/hexane and oven drying under vacuum at 60°C for 72 hours, 319 mg of (S)-p-[(1 -phenyl-6-propoxy- 
1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino]benzenepropanol (46%, m.p. 155-157°C). 

40 EXAMPLE 6 

First, 2.81 g of 1-phenyl-4,6-dichloropyrazolo[3,4-d]pyrimidine was suspended in 60 ml of ethanol, then 3.2 g of (R)- 
(+)-2-amino-3-phenyl-1-propanol was added with stirring. After 48 hours the solvent was removed under vacuum and 
the oil was flash chromatographed (2-5-7% MeOH/CHCI 3 ) to yield 3.80 g of (R)-p-[(1-phenyl-6-chloro-1H-pyrazolo[3,4- 

45 $pyr\m\6\n4-y\)am\no]berveneprop3ir\o\ (95%). 

Next, 380 mg of sodium was reacted with 10 ml of n-propanol. 773 mg of (R)-p-[(1-phenyl-6-chloro-1H-pyra- 
zolo[3,4-d]pyrimidin-4-yl)amino]benzenepropanol in 5 ml of n-propanol was added with stirring. The reaction was 
heated to 90°C in an oil bath for 2.5 hours, then the solvent was removed under vacuum, the residue taken up in 200 
ml CHCI 3 . The organic layer was washed with saturated NaCI, dried over MgS0 4 , filtered and concentrated to an oil 

so which was purified by radial chromatography (10-20-30% isopropyl alcohol/hexane, 4mm plate) to yield after recrystal- 
lization from 30% isopropyl alcohol/hexane 21 7 mg of a white solid (m.p. 158-1 59°C). Proton NMR indicated n-propanol 
was still present, so this product was oven dried under vacuum for (setting at 3) to yield 161 mg of final product, (R)-p- 
[(1-phenyl-6-propoxy-1H-pyrazolo[3,4-fl^ (m.p. 157-158°C). 

55 EXAMPLE 7 

First, 5 g of 2,6-dichloropurine and 8.4 g of ribose tetraacetate were combined and heated to 155°C with stirring to 
produce a heterogenous suspension. A drop of concentrated H 2 S0 4 was added and the reaction was allowed to stir at 
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1 55°C until it became clear. The reaction was cooled and the HOAc was removed under vacuum. 30 ml of ethanol was 
added and trituration followed by filtration yielded 3.7 g of product. This was recrystailized from 175 ml ethanol to yield 
2.31 g of 2,6-dichloro-9-(2 t 3,5-tri-0-acetyl-p-D-ribofuranosyl)-9H-purine with melting point of 154-156°C as long flat 
needles. 

5 2.0 g of 2,6-dichloro-9-(2,3,5-tri-0-acetyl-p-D-ribofuranosyl)-9H-purine was combined with 0.67 g of S-(-)-2-amino- 
3 -phenyl- 1 -propanol, 0.67 mi triethylamine and heated to reflux for 1 6 hours. The solvent was removed and the residue 
was purified by flash chromatography (5-10% methanolArichloromethane) to yield 0.90 g of a foam. Less pure fractions 
were rechromatographed as above to provide a total of 1.81 g of (S)-p-l(9-(2 1 3,5-tri-0-acetyl-p-D-ribofuranosyi)-2- 
ch1oro-1H-purin-6-yl)amino]benzenepropanol. 

io Next, 0.59 g of sodium was reacted with 60 ml of n-propanol. The n-propoxide was then added to a stirring solution 
of 1.8 g of (S)-p-[(9-(2,3.5-tri-0-acetyl-p-D-ribofuranosyl)-2<hloro-1H-purin-6-yl)amino]benzenepropanol in 60 ml q- 
propanol and heated to reflux. After 1 6 hours, 3 ml water was added followed by MgS0 4 . The reaction was filtered and 
concentrated under vacuum. The residue was purified by flash chromatography (20-30% methanol/trichloromethane) 
to yield 840 mg of product. This was recrystailized from about 20% isopropyl alcohol/hexane and dried under high vac- 

75 uum for 7 days to yield 197 mg of (S)-p-[(2-propoxy-9-(p-D-ribofuranosy0-1id-purin-6-yl)amino]benzenepropanol as a 
white solid (m.p. 102-104°C). 

EXAMPLE 8 

20 First, 1 .9 g of 2,6-dichloropurine and 3.2 g protected ribose (p-D-ribofuranose-1 ,2,3,5-tetraacetate) were combined 
and placed in an oil bath at 155°C. After 2 minutes of stirring a capillary drop of concentrated H 2 S0 4 was added and 
the reaction became homogenous. After stirring an additional 10 minutes the reaction was cooled, the HOAc was 
removed under high vacuum and heat, and 15 ml of absolute ethanol added. The residue was dissolved with heat and 
the solution was placed in a freezer at -21 °C. The white precipitate was collected and recrystailized from 100 ml abso- 

25 lute ethanol to yield after drying under vacuum at 80°C for 4 hours 2.16 g of 2,6-dichloro-9-(2,3,5-tri-0-acetyl-p-D-ribo- 
furanosyl)-9H-purine having a melting point of 154-157°C. 

21 g of 2,6-dichloro-9-(2,3,5-tri-0-acetyl-p-D-ribofuranosyl)-9H-purine was combined with 0.7 g of R-(+)-2-amino- 
3-phenyl-1 -propanol, 0.7 ml triethylamine and 75 ml absolute ethanol and heated to reflux for 4 hours. The solvent was 
removed under vacuum and the residue purified by flash chromatography (5-10% methanol/trichloromethane) to yield 

30 2.27 g of (R)-p-[(9-(2,3.5-tri-0-acetyl-p-D-ribofuranosyl)-2-chloro-1 H-purin-6-yl)amino]benzenepropanol. 

Next, 0.72 g of sodium was reacted in 150 ml n-propanol. This solution was added to 2.2 g of (R)-p-[(9-(2,3,5-tri-0- 
acetyl-p-D-ribofuranosyl)-2-c^loro-1H-purin-6-yl)amino]benzenepropanol with stirring. The reaction was heated to 
reflux for 8 hours. After cooling the reaction was filtered and concentrated under vacuum. The residue was purified by 
flash chromatography (20-30% methanol/trichloromethane) to yield 930 mg of a foam product. This was recrystailized 

35 from about 1 0% isopropyl alcohol/hexane to yield after drying under vacuum at 80°C for 24 hours 590 mg of (R)-p-[(2- 
propoxy-9-(p-D-ribofuranosyl)-1H-purin-6-yl)amino]benzenepropanol as a white solid, (m.p. 149-152°C). 

Claims 

40 1 . A compound of the formula: 
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wherein is hydrogen or phenyl 

2. A compound according to claim 1 which is p-[(2-propoxy-1 H-purin-6-yl)amino]benzenepropanol. 

3. A compound of the formula: 



wherein each X is independently either hydrogen or hydroxy. 

4. A compound according to claim 3 which is (R)-N-(1-methyl-2-phenylethyl)-1-phenyl-6-propoxy-1H-pyrazolo[3 ( 4- 
d]pyrimidin-4-amine, (S)-N-(1 -methyl-2-phenylethyl)-1 -phenyl-6-propoxy-1 H-pyrazo!o[3,4-apyrimidin-4-amine, [S- 
(R\-5*)]-a-[1-[(1-phenyl-6-propoxy-1Hi^ [R-(S*,-R*)]-a- 
[1-[(1-phenyl-6-propoxy-1H-pyrazolo[3,4^ (S)-p-[(1-phenyl-6-pro- 
poxy-1H-pyrazolot3,4-d]pyrimidin-4-yl)amino]benzenepropanol, or (R)-p-[(1-phenyl-6-propoxy-1H-pyrazolo[3,4- 
d]pyrimidin-4-yl)amino] benzenepropanol. 

5. A compound according to any one of claims 1 to 4 for use as a therapeutic agent. 

6. Pharmaceutical composition comprising a compound in accordance with any one of claims 1 to 4 and a physiolog- 
ically acceptable earner. 

7. A process for the preparation of a pharmaceutical composition comprising combining a compound as defined in 
claims 1-4 with a pharmaceutically acceptable carrier. 

8. A process for preparing a compound as defined in Claims 1 or 2 comprising: 

reacting a compound according to FORMULA IV: 



N 

N \ FORMULA IV 

Rx 

wherein ^ is hydrogen or phenyl with propanol by contacting the compound according to FORMULA IV with pro- 
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panoi in ethanol in the presence of triethylamine for a period of from 1 to 20 hours at a temperature of from 25°C 
to 140°C; to obtain the intermediate product according to FORMULA V therefrom: 




FORMULA V 



and by then reacting a compound according to FORMULA V with a compound according to FORMULA III for a 
period of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the desired product according to 
FORMULA I therefrom 




9. A process for preparing a compound according to Claims 3 or 4 comprising reacting a compound according to 
FORMULA IV 




with propanol by contacting the compound according to FORMULA IV with propanol in ethanol in the presence of 
triethylamine for a period of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the intermediate 
product according to FORMULA V therefrom: 
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FORMULA V J 



and by then reacting a compound according to FORMULA V with a compound according to FORMULA III' for a 
period of from 1 to 20 hours at a temperature of from 25°C to 140°C; to obtain the desired product according to 
FORMULA II therefrom. 



FORMULA III 7 




wherein each X is independently either hydrogen or hydroxy. 
Patentanspruche 
1 . Verbindung der Forme!, 




Forme 1 I 



wobei Rt ein Wasserstoffatom Oder eine Phenyigruppe bedeutet. 

2. Verbindung nach Anspruch 1 , die p-[(2-Propoxy-1 H-purin-6-yl)amino]benzolpropanol ist. 

3. Verbindung der Formel, 
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Forme 1 II 



wobei die Reste X jeweils unabhangig voneinander ein Wasserstoffatom oder eine Hydroxylgruppe darstellen. 

4. Verbindung nach Anspruch 3, die (R)-N-(1-Methyl-2-phenylethyl)-1 -phenyl-6-propoxy-1 H-pyrazolo[3,4-d]pyrimidin- 
4-amin, (S)-N-(1 -Methyl-2-phenylethyl)-1 -phenyl-6-propoxy-1 H-pyrazolo[3,4^pyrimidin-4-amin, [S-(R*,S*)]-a-[1 - 
[(1-Phenyl-6iDropoxy-1HiDyrazolo[3,4^ [R-(S*,R*)]-a-[1-[(1-Phenyl-6- 
propoxy-1tii>yra2olo[3,4^pyrimidin-4-yl)aminolethyl]benzolethanol, (S)-p-[(1-Phenyl-6-propoxy-1H-pyrazolo[3,4- 
d]pyrimidin-4-yl)amino]ben20lpropanol oder (R)-M( 1 -Phenyl-6-propoxy-1 H-pyrazolo[3,4-dlpyrimidin-4- 
yl)amino]benzo!propanol ist. 

5. Verbindung nach einem der Anspruche 1 bis 4 zur Verwendung als therapeutisches MitteL 

6. Arzneimrttel, das eine Verbindung gemaB einem der Anspruche 1 bis 4 und einen physiologisch vertraglichen Tra- 
ger umfaGt. 

7. Verfahren zur Herstellung eines Arzneimrttels, umfassend die Vereinigung einer Verbindung, die in den Anspru- 
chen 1 bis 4 def iniert ist, mit einem pharmazeutisch vertraglichen Trager. 

8. Verfahren zur Herstellung einer Verbindung, die in Anspruch 1 oder Anspruch 2 def iniert ist, umfassend die Umset- 
zung einer Verbindung der Formel IV, 



CI 




Formel IV 



wobei R-i ein Wasserstoffatom oder eine Phenylgruppe bedeutet, mit Propanol, indem die Verbindung der Formel 
IV mit Propanol in Ethanol in Gegenwart von Triethylamin fur einen Zeitraum von 1 bis 20 Stunden bei einer Tem- 
peratur von 25 bis 140°C in Kontakt gebracht wird, wodurch das Zwischenprodukt der Formel V erharten wird, 
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CI ■ 




und anschtieBend eine Verbindung der Formel V mit einer Verbindung der Formel III fur einen Zeitraum von 1 bis 
20 Stunden bei einer Temperatur von 25 bis 140°C umgesetzt wird, wodurch das gewunschte Produkt der Formel 
I erhalten wird. 




Formel III 



Verfahren zur Herstellung einer Verbindung gem£8 Anspruch 3 Oder Anspruch 4, umfassend die Umsetzung einer 
Verbindung der Formel IV 



CI 
f 




Formel IV 



mit Propanol, indem die Verbindung der Formel IV mit Propanol in Ethanol in Gegenwart von Triethylamin fur einen 
Zeitraum von 1 bis 20 Stunden bei einer Temperatur von 25 bis 140°C in Kontakt gebracht wird, wodurch das Zwi- 
schenprodukt der Formel V erharten wird, 
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10 



H 3 0 




Formel V 1 



75 



20 



25 



und anschlieGend eine Verbindung der Formel V mit einer Verbindung der Formel III' fur einen Zeitraum von 1 bis 
20 Stunden bei einer Temperatur von 25 bis 140°C umgesetzt wird, wodurch das gewunschte Produkt der Formel 
II erhalten wird, 




Formel III 



30 

wobei die Reste X jeweils unabhangig voneinander ein Wasserstoffatom oder eine Hydroxylgruppe bedeuten. 
Revendications 
35 1 . Compose de formule : 



40 




45 



50 




N 

N 

I 



Formule I 



ou R-| est hydrog^ne ou ph6nyle. 
2. Compost selon la revendication 1 qui est le p-[(2-propoxy-1 H-purin-6-yf)amino]benz6nepropanol. 
55 3. Compost de formule : 
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Formule II 



ou chaque X est independamment hydrogene ou hydroxyle. 

Compost selon la revendication 3 qui est ta (R)-N-(1-m6thyl-2iDh6nyl6%^ 
d]pyrimidin-4-amine, la (S)-N-(1-m6thyl-2-phenyiethyl)0 -phenyl^ 

le [S-(R*,S*)]-a-(1 -[(1 ^h6nyl-6-propoxy-1Hl3yrazolo[3,4-^ le [R- 

(S*. R*)]-a-(1 -[(1 -ph6nyl-6-propoxy-1 H-pyrazolo[3,4-flpyrimldin-4-yl)arnino]§thyl]ben2^ne6thanol, le (S)-p-[(1 -P^6- 
nyl-6-propoxy-1 H-pyrazolo[3,4-d]pyrimidiri-4-yl)amino]ben26nepropanol ou le (R)-p-[(1-ph6ny1-6-propoxy-1 H-pyra- 
zolo[3,4-d]pyrimidin-4-yl)amino]benz6nepropanol. 

Compost selon Pune quelconque des revendications 1 k 4, destine k §tre utilise comme agent therapeutique. 

Composition pharmaceutique comprenant un compost selon Tune quelconque des revendications 1 k 4 et un sup- 
port physiologiquement acceptable. 

Procede de preparation d'une composition pharmaceutique comprenant la combinaison d'un compost tel que 
d£f ini dans les revendications 1 & 4 avec un support pharmaceutiquemerrt acceptable. 

Procede de preparation d'un compose tel que d6f ini dans ta revendication 1 ou 2, comprenant : 
la reaction d'un compose selon la formule IV : 



CI 




Formule IV 



ou Ri est hydrogene ou phenyle 

avec le propanol par mise en contact du compose selon la formule IV avec du propanol dans rethanol en presence 
de triethylamine pendant une duree de 1 k 20 h k une temperature de 25°C k 140°C pour obtenir k partir de ceux- 
ci le produit intermediaire selon la formule V 
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Formule V 



puis la reaction d'un compose selon la formule V avec un compose selon la formule III pendant une duree de 1 k 
20 h k une temperature de 25 k 140°C pour obtenir k partir de ceux-ci le produit voulu selon la formule I 




Formule III 



Precede de preparation d'un compose selon la revendication 3 ou 4 comprenant la reaction d'un compose selon la 
formule IV 




Formule IV 



avec le propanol par mise en contact du compose selon la formule IV avec du propand dans I'ethanol en presence 
de trielhylamine pendant une duree de 1 k 20 h k une temperature de 25 k 140°C pour obtenir k partir de ceux-ci 
le produit intermediate selon la formule V 
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Formule V 



puis la reaction d'un compost selon la formule V avec un compost selon la formule III' pendant une dur€e de 1 k 
20 h a une temperature de 25 k 140°C pour obtenir, a partir de ceux-ci, le produ'rt voulu selon la formule II 




Formule DT 



ou chaque X est ind^pendamment hydrogene ou hydroxyie. 
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